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TABLES  FOR  COMPARING  TWO  MEAN-TIME- BETWEKN-FAI LURES  (hfTBFs) 
FOR  UNEQUAL  TEST  TII«S 


1.  INTRODUCTION 

In  carrying  out  statistical  tests  of  comparing  two  mean-t ime-between- 
fai lures  (WTBFs) , the  situation,  more  often  than  not,  arises  where  the 
two  test  times  are  unequal.  The  purpose  of  this  report  is  to  facilitate 
the  carrying  out  of  the  exact  method  of  comparing  two  MTBFs  for  this 
situation.  To  accomplish  this  purpose,  critical  values  for  the  number 
of  failures  occurring  during  one  of  the  test  times  were  computed  and 
tabulated  for  .001,  .01,  .05,  .10,  and  .20  levels  of  significance  for 
various  combinations  of  the  ratio  of  the  two  test  times  and  the  total 
number  of  failures  occurring  during  both  test  times.  The  ratio  of  the 
two  test  times  ranges  from  0.1  to  5.0  by  increments  of  0.1  and  the 
total  failures  range  from  l to  100.  All  computations  were  programmed 
in  the  FORTRAN  programming  language  and  carried  out  on  the  Armament 
Research  and  Development  Command  (ARRADCOM)  Control  Data  Corporation 
(CDC)  Cyber  76  Computer  located  at  Aberdeen  Proving  Ground,  Maryland. 

2.  COMPUTATIONAL  EQUATIONS 

Consider  two  independent  tests  of  an  item  where: 


T1 

x 

total  time  for  test  1 

T2 

c 

total  time  for  test  2 

X1 

s 

number  of  failures  during  Tj 

X2 

3 

number  of  failures  during  T, 

MTBFj 

X 

theoretical  mean-t ime-between-fai lures  for  item 

during  T^ 

MTBF , 

= 

theoretical  mean-t ime-between-fai lures  for  item 

during  T, 

V‘l 

s 

Tj/KPRl-'j  = theoretical  mean  number  of  failures 
during  Tj 

for  item 

u2 

* 

T ,/MTBF , = theoretical  mean  number  of  failures 
during  T, 

for  item 

It  is  assumed  that  if  a failure  occurs  during  testing  of  the  item, 
the  item  is  repaired  (.or  replaced)  and  testing  continued.  If  each  test 
is  assumed  to  represent  a segment  of  a homogeneous  Poisson  process,  the 
times  between  failure  occur  independently,  according  to  an  exponential 
distribution  and  the  number  of  failures  according  to  a Poisson  distribut ion. 


RT2,  then  from  the  preceding  definitions,  it  follows  that 


1 Wi 


KTBF  - — 

2 "2 


Consequently,  testing  the  hypothesis 


against  the  alternative 


is  the  same  as  testing 


against 


H : KTBF,  = KTTBF- 
o 1 2 


Hj  : NTTBF1  + MTBF1f 


Hc  : V'j  * rW2 


Hj  : Uj  i Ru-, 

where  Uj  and  Ru-,  are  two  Poisson  means.  Then,  by  utilizing  the  joint 

conditional  distribution  of  two  Poisson  variables  for  a fixed  total 
number  of  failures  n,  where 

" " Xj  ♦ x2, 

the  latter  hypothesis  test  may  be  shown  to  be  equivalent  to  testing 
the  hypothesis 


H : P = f — -- 
* • ° T 1 + ^2 


against 


Hi  : > * t-tt: 

i * 


where  p is  the  parameter  in  the  binomial  distribution 


or 


H1  : MTBFj  > MTBF2 


is  determined  so  that 


X2=B  X2‘  (n"V' 


p 2 (1-p)  2 < a 


n.  X«  / . •>  n - . 

p 2 (1-p)  2 > a 


X2=B-1  X2!  fn"X2)! 


In  the  accompanying  tables,  those  cases  where  the  critical  values  A and/ 
or  B cannot  be  found  which  satisfy  their  respective  inequalities  are 
indicated  by  broken  lines. 

3.  APPLICATION 

Consider  a system  under  development  which  is  subjected  to  2000  a~>,d 
500  hours  of  engineering  development  and  operational  testing  (DT  II  and 
OT  II),  respectively.  Suppose,  on  the  basis  of  20  failures  occurring 
during  DT  II  and  10  during  OT  II,  it  is  desired  to  determine  if  these 
results  are  consistent  with  the  hypothesis  that  the  DT  1 1 MTBF  does 
not  differ  from  the  OT  II  MTBF  at  the  10  percent  level  of  significance. 
If  we  designate  DT  II  as  test  1 and  OT  II  as  test  2,  then 

Xj  = 20, 

X2  = 10, 


R = — 
T- 


= 4.0. 


As  we  are  interested  in  determining  if  the  DT  II  MTBF  (MTBFj)  is 

significantly  different  (greater  than  or  less  than)  from  the  OT  II 
NfTBF  (MTBF-,),  this  would  entail  a two-sided  test.  Then,  from  the 

accompanying  table  for  R = 4.0  (page  91),  X,  critical  values  of  A = 2 

and  B = 11  are  obtained  for  a total  number  of  failures  of  30  and  a level 
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of  significance  of  .10.  Since  the  actual  number  of  failures  occurring 
during  OT  II  is  not  less  than  or  equal  to  A or  greater  than  or  equal 
to  B,  we  accept  (at  the  10  percent  level  of  significance)  the  hypothesis 
that  the  DT  II  MTBF  is  equal  to  the  OT  II  MTBF. 

Suppose,  for  the  same  test  results  we  are  only  interested  in 
determining  if  the  DT  II  MTBF  (MTBF^)  is  significantly  greater  than 

the  OT  II  KTBF  (MTBF,)  at  the  10  percent  level  of  significance;  then, 

this  would  entail  a one-sided  test.  From  the  same  table  for  R ■ 4.0, 
an  critical  value  of  B * 10  is  obtained  for  a total  number  of  failures 

of  30  and  a level  of  significance  of  .20  since  this  is  a one-sided  test. 
As  the  actual  number  of  failures  occurring  during  OT  II  is  equal  to  B, 
we  reject  (at  the  10  percent  level  of  significance)  the  hypothesis  that 
the  DT  II  MTBF  is  equal  to  (or  less  than)  the  OT  II  MTBF. 

In  using  the  accompanying  tables,  it  should  be  noted  that  (--,--) 
indicates  a two-sided  test  of  hypothesis  cannot  be  carried  out  at  its 
corresponding  level  of  significance  whereas  (A,  --)  and  (--,  B)  indicate 
only  one-sided  tests  can  be  carried  out  at  one-half  their  corresponding 
levels  of  significance. 


Next  page  is  blank. 
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TABLES 


CRITICAL  VALUES  FOR  TESTING 
H0  : MTBFj  = MTBF-, 

AGAINST  THE  ALTERNATIVE 
Hj  : MTBFj  + MTBF , 

TOR  UNEQUAL  TEST  TIMES 


* • 

• • • • 


Next  page  is  blank. 


1 1 


CRITICAL  V-LUbS  FOR  TESTING  MTBFUl  EQUAL  TJ  M T B F » 2 ) AGAINST  THb 
ALTERNATIVE  NTBF(l)  NOT  tQOAL  TO  «TBF(2I,  WHERE  R • 11/  12. 


REJECT  THE  NULL  HYPOTHESIS  IF  X2  1*  LESS  THAN  OR  EQUAL  TO  A,  OR  IF  X2  IS  GREATER 
THAN  JR  EQUAL  TO  B,  WHERE  THE  TABLE  CONTAINS  THb  ORDERED  PAIRS  <A,B). 
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CRITICAL  VALUES  E OR  TESTING  rtTBF(l)  EJUAL  TO  NTBE<2>  AGAINST  T He 
ALTERNATIVE  BiaMlI  NOT  EQUAL  TO  HTBFI2I.  WHERE  H • T1/I2. 


I u I AL  NUNBtR 
uE  FAILURES 
T X1«A2) 


Lt  BE  L UF  SIGNIFICANCE 


.001 


.010 


.0)0 


.100 


.20  0 


51 

12. 

51 

35, 

5o 

3b. 

58 

37, 

58 

38, 

57 

52 

11. 

52 

35, 

50 

37. 

59 

38. 

59 

39, 

58 

5 1 

31. 

51 

36, 

51 

38, 

50 

39, 

99 

5 0, 

59 

55 

35. 

55 

lb. 

52 

3 8, 

51 

39, 

50 

50, 

59 

55 

35. 

55 

37, 

53 

39, 

52 

50, 

51 

51, 

50 

5o 

3b. 

5 5 

38, 

55 

50. 

53 

9 1 , 

52 

92, 

51 

5 r 

lb  . 

56 

39, 

55 

5 1 , 

55 

92, 

53 

93, 

52 

5 d 

17. 

57 

39, 

56 

51  , 

55 

53, 

55 

99, 

53 

59 

38. 

58 

50, 

57 

52, 

55 

93, 

55 

99, 

55 

6 0 

39. 

59 

51. 

58 

53, 

5 b 

55  , 

5b 

5 5, 

55 

b 1 

39. 

60 

52, 

59 

5t, 

57 

55, 

5b 

5 0 , 

5 5 

b 2 

50. 

61 

53, 

59 

5 5 , 

58 

56, 

57 

97, 

56 

61 

51. 

62 

53. 

60 

55, 

59 

5b, 

58 

98, 

57 

b<i 

-.2. 

61 

55  » 

61 

5b, 

bu 

57, 

59 

98, 

58 

65 

52. 

65 

55, 

62 

9 7, 

6 1 

58  , 

03 

99, 

59 

bo 

5 1. 

65 

5b, 

63 

5 d , 

62 

59, 

61 

50, 

60 

67 

55  . 

66 

5b, 

65 

5 9, 

62 

50, 

62 

51, 

61 

ba 

55  . 

66 

57, 

65 

99, 

63 

50, 

63 

52  » 

62 

69 

55, 

67 

58, 

60 

5 0, 

65 

51, 

63 

52, 

62 

ro 

5 6. 

68 

59, 

67 

51, 

65 

52, 

65 

53, 

63 

71 

5 7, 

69 

50, 

68 

52, 

66 

53, 

65 

59, 

65 

72 

5 8, 

70 

50, 

68 

53, 

67 

55, 

6b 

55  , 

05 

7 1 

58  . 

/I 

51 , 

69 

5 3, 

68 

5 5, 

67 

56, 

66 

75 

59, 

72 

52. 

70 

5 5. 

69 

55  . 

68 

56, 

67 

75 

50, 

73 

53, 

71 

55. 

69 

5b, 

69 

5 7, 

68 

7b 

5 1, 

75 

53. 

72 

56 , 

70 

57, 

69 

58, 

5d 

7/ 

51, 

75 

55, 

73 

56, 

71 

58, 

70 

59, 

69 

7 d 

52, 

75 

55, 

75 

57, 

72 

58, 

71 

60, 

70 

79 

53, 

7b 

56, 

75 

58, 

73 

59, 

72 

61, 

71 

d j 

55, 

77 

57, 

7b 

59, 

75 

60  , 

73 

6 1 , 

72 

B 1 

55, 

78 

57, 

76 

60, 

75 

61, 

75 

62  , 

73 

B 2 

55, 

79 

58, 

77 

to, 

76 

62 , 

75 

63, 

75 

83 

5b, 

B., 

59, 

78 

61, 

7b 

62, 

76 

69, 

75 

85 

57, 

81 

oO  , 

79 

62  , 

77 

63, 

7o 

65. 

75 

85 

58  , 

82 

60  , 

80 

6 3, 

78 

65  , 

77 

65, 

7b 

86 

58, 

81 

61, 

di 

69  , 

79 

65, 

78 

6b  , 

77 

8 7 

59, 

85 

62. 

82 

6 5, 

80 

6b, 

79 

67, 

78 

8b 

60, 

8 5 

6 3, 

83 

65, 

d 1 

bo , 

80 

68  , 

79 

8v 

6 1 , 

85 

65, 

83 

66, 

82 

67, 

81 

69, 

80 

90 

6 1 , 

86 

65, 

85 

67, 

83 

68  , 

82 

69, 

80 

9i 

62, 

8 7 

65, 

85 

6 8, 

83 

69, 

82 

70, 

81 

92 

63, 

88 

bb , 

86 

6 8, 

85 

70. 

83 

71  , 

82 

91 

6 5 , 

89 

67, 

8 7 

69, 

85 

7o, 

85 

72, 

83 

95 

65, 

90 

67, 

88 

70, 

8b 

71, 

85 

73, 

85 

95 

o5. 

91 

68, 

89 

71, 

87 

72, 

86 

73. 

85 

9o 

66. 

92 

69, 

90 

72, 

88 

73, 

87 

75, 

8b 

97 

67, 

91 

70, 

91 

72. 

89 

75, 

81 

75, 

86 

98 

68, 

95 

71, 

91 

73, 

90 
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89 

7b, 

87 

99 

68, 

95 
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82 

62, 

79 

61, 

78 

65' 

77 

91 

7b  9 

85 

60' 

82 

62, 

6C 

bA  , 

79 

65' 

78 

9 A 

57' 

66 

60  # 

81 

61, 

6 i 

6 A , 

80 

66  , 

78 

93 

56' 

67 

61  . 

8 A 

6 A » 

82 

65, 

61 

67. 

79 

96 

59, 

87 

62. 

85 

65, 

61 

66, 

81 

6 d » 

63 

97 

59, 

66 

9 

86 

65, 

63 

67, 

d2 

6d  # 

81 

96 

6 J # 

89 

6 3# 

6 7 

6 6# 

dA 

67, 

81 

69' 

82 

99 

6 1 9 

90 

6 A , 

87 

67' 

85 

6 B # 

8A 

70. 

82 

100 

6 1 » 

91 

65, 

db 

67, 

86 

69, 

85 

70. 

61 
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CRITICAL  VALUES  f OK  TESTING  N1BM1)  EQUAL  tU  NIBMill  AOAINSI  THE 
At  1 1 RNA 1 1 WE  NUUll  NOT  EOUAL  TO  NTaM2  1 » NHERE  k > T1/T2. 


TUTAL  NUHdtR 
UE  FAILURES 
( X 1 a X 2 I 


THAN  04  tOjAL  TU  B,  WHERE  THE  TABLE  CONTAINS  THE  UROERtU  PAIRS  ( A , dl . 


1 


CR1I1CAL  VALUES  F UR  IESUNQ  MUM  1 I EQUAL  IU  NI0M2I  AbAlNSI  iHt 
AL  ItHNAIlVt  ItlDMlI  NUI  EQUAL  IQ  rtTBM2>»  WHERE  k • 11/12. 


IQTAL  NUMBER 

LEVEL 

OF  SIGNIFICANCE 

1 X1»X2I 

.301 

.010 

.050 

.100 

.200 

Si 

25, 

A 7 

27, 

A5 

29, 

AA 

10, 

Al 

31, 

A2 

a 

26, 

All 

27, 

4ft 

j 5# 

A A 

11, 

A3 

32. 

A2 

n 

?6i 

A9 

20, 

A 7 

30, 

A 5 

11, 

AA 

33, 

Al 

5A 

26, 

50 

29, 

A 0 

31, 

A 6 

32  . 

A5 

33, 

AA 

55 

27, 

60 

29, 

A 0 

12, 

A 7 

13, 

4ft 

3A» 

A 5 

56 

27, 

51 

10, 

A 9 

12, 

A 7 

31. 

A6 

35, 

A 5 

57 

20, 

52 

11, 

50 

11, 

A 0 

1A, 

A 7 

35, 

4ft 

SB 

2<7, 

51 

11, 

51 

3A, 

A 9 

35, 

A 0 

36, 

A 7 

59 

29, 

5A 

12, 

52 

J4  # 

fto 

16, 

A 9 

37, 

4b 

6J 

10, 

5 A 

11, 

52 

36, 

50 

36. 

A 9 

3 7, 

4b 

6 4 

10. 

55 

11, 

53 

15, 

51 

17, 

ftc 

i»# 

A 9 

62 

11, 

5a 

3A, 

5 A 

i ft  » 

52 

1 7, 

51 

39, 

60 

6 1 

12, 

6 7 

3 A , 

55 

37, 

51 

30, 

52 

39, 

51 

6 A 

12, 

50 

36, 

56 

17, 

5 A 

19, 

51 

AO, 

51 

65 

li. 

69 

i ft  # 

66 

10, 

5a 

19, 

61 

Al, 

'j£ 

00 

1A, 

59 

16, 

57 

39, 

ftft 

AO. 

6 A 

A 1 , 

61 

6 7 

1A, 

aO 

37, 

5d 

39, 

56 

Al. 

55 

A 2 , 

5A 

60 

16, 

ft  1 

J ft  # 

59 

40# 

57 

Al. 

ftft 

A3, 

5 A 

6 9 

i 5 , 

62 

31, 

59 

4 ▲ # 

5 7 

A2  . 

ftft 

Ai, 

56 

10 

16. 

61 

19, 

60 

Al, 

58 

A 3 , 

57 

AA  , 

56 

71 

17, 

61 

4 J # 

61 

A2  , 

59 

Al, 

fto 

AS, 

57 

72 

17, 

6 A 

AO, 

62 

A3, 

60 

44  # 

59 

4ft  » 

5 7 

71 

IB, 

ftft 

Al  , 

ft  J 

Al. 

60 

A 5 * 

59 

4ft# 

50 

7A 

19, 

ftft 

A2  , 

61 

4 4b 

5L 

AS. 

60 

A7, 

59 

75 

19, 

67 

+ 1 9 

6 A 

4ft# 

62 

4ft# 

61 

4b# 

60 

7c 

AO, 

67 

A 1, 

65 

A 5 , 

61 

A 7, 

62 

A0, 

60 

77 

AO, 

68 

A3, 

fto 

4ft# 

04 

A 7, 

62 

A 9 , 

61 

7 o 

Al. 

69 

AA  , 

57 

A 7, 

6A 

46# 

63 

50. 

62 

79 

A 2 , 

70 

4 ft  # 

67 

A 7, 

65 

A 9 , 

6A 

50, 

63 

BO 

A 2 , 

7 1 

A 5 , 

6B 

4ft# 

ftft 

A 9 , 

65 

51, 

61 

81 

Al, 

71 

40# 

69 

A 9 , 

67 

50. 

65 

52, 

ft  4 

B2 

AA, 

72 

A7, 

70 

4 *# 

67 

51  . 

ftft 

52, 

ftft 

0 1 

aA, 

71 

A 7 , 

70 

5 3. 

6d 

61, 

67 

53, 

ftft 

HA 

A 5 , 

7A 

id# 

71 

51. 

69 

52. 

64 

5 A , 

66 

05 

A 5 , 

75 

A 9 , 

72 

51, 

70 

61. 

od 

ft  4 # 

67 

06 

A 6, 

75 

A 9 , 

71 

52. 

7 0 

51. 

69 

55, 

ft  6 

0 7 

A 7, 

7a 

50, 

7A 

51. 

71 

5 A , 

70 

56, 

60 

00 

A 7, 

77 

51, 

7a 

51, 

72 

56. 

71 

56. 

69 

1 00 

70 

51, 

7a 

5 A , 

71 

55. 

71 

57, 

70 

<70 

a9» 

79 

52, 

76 

65, 

73 

5a. 

72 

50, 

71 

<71 

A <7, 

79 

53, 

77 

55, 

7a 

57, 

73 

60, 

71 

<72 

50, 

00 

61, 

77 

56, 

75 

57, 

7 A 

59, 

72 

<7  J 

51, 

01 

5 A , 

78 

57, 

7a 

50. 

7A 

ft  0 # 

71 

<7  A 

51, 

02 

ft}  # 

79 

57. 

76 

59. 

75 

60, 

7A 

<75 

52, 

82 

55, 

00 

68, 

77 

60. 

76 

ft  1 # 

7 A 

96 

52, 

0 1 

56, 

00 

59, 

78 

ftO  # 

77 

62, 

75 

<77 

51, 

8 A 

56, 

01 

69, 

79 

ft  1 # 

77 

63, 

76 

90 

1 

05 

57, 

8 2 

6 J » 

00 

62. 

70 

6 3# 

77 

<79 

5 A , 

06 

60, 

01 

ft  1 # 

HO 

ft  2 # 

79 

6 A , 

77 

100 

55, 

06 

50, 

0 A 

ft  i # 

Ol 

ft  3 # 

BO 

65, 

70 
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CRITICAL  YALUtS  FJR  TESTING  NTbFdl  EOUAL  TO  MJdF<2)  AGAINST  T rit 
ALIlRNATIVc  HTBFIll  NOT  EOUAL  TO  HT8F ( 2 I » WHERE  R ■ Tl/12. 


IJYAL  N^MBcR 

J f FAILURES 

LEVEL 

UF  SIGNIFICANCE 

_] 

( xl*X2» 

.001 

.01J 

.050 

.130 

.200  1 

1 

> 

J 

if 

..  f 

• • 

— , 

J. 

• • 

U9 

... 

1 

a 

'j 

— , 

— 

V 9 

-- 

0, 

-- 

1, 

— 

1, 

— 

0 

--  » 

— 

3, 

-- 

I, 

— 

1, 

— 

1, 

6 

/ 

3# 

-* 

J , 

~ 

1, 

-- 

2, 

— 

2, 

7 

3 

0# 

— 

1, 

— 

2, 

— 

2, 

6 

4, 

8 

9 

Op 

— 

1, 

— 

2, 

— 

3, 

9 

3, 

9 

10 

l. 

— 

2, 

— 

3, 

10 

4, 

10 

S 9 

10 

11 

i. 

2 , 

-- 

3, 

11 

1 , 

11 

i , 

10 

12 

l* 

— 

3, 

— 

1, 

12 

1, 

12 

5, 

li 

IS 

2 . 

— 

3, 

— 

<1  9 

13 

3 9 

12 

5 , 

12 

11 

2» 

— 

1, 

ii 

5, 

11 

5, 

13 

6 9 

13 

15 

3. 

-- 

<•  9 

15 

5, 

11 

6 9 

11 

7, 

1 4 

lo 

3. 

-- 

5 9 

lb 

bp 

15 

7, 

1 5 

7, 

11 

17 

1 9 

— 

j 9 

17 

b 9 

16 

7, 

15 

6 , 

15 

Id 

1. 

— 

O 9 

id 

7, 

17 

d 9 

16 

d 9 

Lb 

19 

5 f 

19 

6 9 

4.  0 

d , 

17 

d 9 

17 

9, 

Id 

2w 

> 9 

2u 

7, 

19 

d 9 

16 

9, 

id 

10, 

17 

21 

0 9 

2 1 

7, 

20 

9, 

19 

9, 

16 

10, 

id 

22 

6 # 

22 

d 9 

2 l 

9, 

20 

1C, 

19 

11, 

Id 

23 

7 f 

23 

d 9 

22 

i 0, 

21 

11 , 

20 

11, 

19 

21 

7 # 

21 

9, 

22 

1 0, 

21 

11, 

21 

12, 

20 

25 

39 

25 

9, 

23 

11, 

22 

12, 

21 

13, 

21 

26 

df 

2 j 

10, 

21 

12, 

23 

12, 

22 

13, 

21 

27 

9f 

do 

13, 

25 

l2 , 

21 

13, 

23 

11, 

22 

2d 

9 f 

27 

11, 

26 

1 3, 

21 

13, 

21 

11, 

23 

29 

1C. 

2d 

.2, 

26 

13, 

25 

11, 

21 

15, 

21 

30 

10f 

29 

12, 

27 

11, 

26 

15, 

25 

16, 

21 

31 

Ilf 

29 

1 3, 

2d 

11, 

27 

15, 

26 

16, 

25 

32 

Ilf 

30 

13, 

29 

15, 

27 

lb. 

27 

17, 

Zb 

33 

1 2 f 

31 

11, 

30 

1 0 9 

28 

16, 

27 

Id, 

26 

31 

1 2 f 

32 

11, 

30 

1 09 

29 

17, 

2d 

18, 

27 

35 

lit 

33 

15, 

31 

17, 

30 

id. 

29 

19, 

Zb 

3b 

13f 

33 

1&9 

32 

17, 

30 

Id, 

30 

19, 

29 

37 

Hf 

31 

16, 

33 

Id, 

31 

19, 

30 

20, 

29 

3d 

Ilf 

35 

17, 

33 

19, 

32 

19, 

31 

21, 

30 

3* 

1 5 f 

36 

17, 

31 

19, 

33 

2G, 

32 

21, 

31 

10 

16# 

37 

Id, 

35 

cOi  p 

33 

21, 

32 

22, 

31 

11 

16f 

37 

Id, 

3d 

2 j , 

31 

21, 

33 

22, 

32 

12 

1 7f 

3d 

19, 

3d 

21, 

35 

22, 

4t 

23, 

33 

13 

1 7 f 

39 

19, 

37 

21, 

3b 

23, 

35 

21, 

31 

11 

Id, 

10 

20, 

3B 

22, 

36 

23, 

35 

21, 

3l 

15 

13, 

11 

21, 

39 

23, 

37 

21, 

36 

25, 

35 

16 

19, 

11 

21, 

39 

24, 

3d 

21, 

37 

26, 

36 

17 

19, 

12 

22, 

10 

£<t9 

3d 

25, 

36 

26, 

3d 

Id 

20, 

13 

22, 

i: 

21, 

39 

26, 

36 

27, 

37 

19 

20, 

11 

23, 

12 

25, 

10 

26, 

39 

2 7, 

38 

5J 

21, 

15 

21, 

13 

26, 

11 

27, 

10 

2d, 

39 
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IXIIUAI  VALUES  r OR  US  UNO  NIBflll  EQUAL  TO  NI8M2I  AGAlNSI  THE 
AiltRNAllVt  NT  BE  1 1 ) NOT  EQUAL  TJ  NTBF (2  I , RHERt  R • 11/12. 


LEVEL 


22* 

A5 

2A# 

A3 

2b. 

Al 

27, 

AO 

29, 

39 

22# 

Ab 

25# 

AA 

27* 

A2 

28, 

Al 

29, 

AO 

21* 

A 7 

25# 

A5 

2 7* 

A3 

29, 

A 2 

30, 

Al 

23* 

Ad 

2b. 

Ab 

2d. 

AA 

29, 

A3 

31, 

Al 

2A. 

Ab 

i.  6 9 

A 6 

29. 

AA 

30, 

A3 

31, 

A2 

2a* 

A 9 

27* 

A 7 

29, 

A 5 

30, 

AA 

32, 

A3 

25# 

50 

2d* 

Ab 

30# 

A 6 

31. 

A3 

32. 

AA 

25* 

51 

2b. 

A 9 

31, 

A 7 

32. 

A3 

33, 

AA 

2b* 

51 

29. 

A 9 

31. 

A 7 

32, 

Ab 

3 A , 

A3 

2 7# 

52 

29. 

50 

32* 

AB 

33# 

A 7 

3 A , 

Ab 

27. 

53 

33* 

51 

32# 

A 9 

3 A , 

A8 

35, 

A 6 

2 b » 

5 A 

31# 

51 

33* 

A 9 

3A . 

Ad 

36, 

A 7 

28# 

55 

31* 

52 

3 A. 

50 

35, 

A 9 

36  , 

Ab 

29, 

5a 

32# 

53 

3 A # 

51 

35. 

50 

37, 

A 8 

2 V » 

5o 

32# 

5A 

35# 

52 

36. 

5C 

37, 

A9 

JO, 

57 

33# 

5 a 

35# 

52 

37, 

51 

38, 

50 

31# 

58 

33. 

55 

36. 

5 3 

37, 

52 

39, 

51 

31* 

5d 

3 A * 

56 

3 7, 

5A 

38. 

53 

39, 

51 

32* 

59 

35. 

57 

37, 

5 A 

38, 

53 

AO, 

52 

32* 

bO 

35. 

57 

3d. 

35 

39, 

5A 

Al, 

5 3 

33* 

bl 

3b# 

5b 

38. 

56 

AC, 

33 

Al, 

53 

33. 

bl 

3b* 

59 

39, 

37 

AO, 

55 

A2, 

5 A 

3 A # 

b2 

37, 

60 

AO, 

57 

Al  , 

36 

A 2, 

55 

35# 

53 

38* 

oc 

AO, 

38 

A2  » 

57 

A3, 

55 

3 >* 

bA 

38# 

61 

Al, 

59 

A 2 » 

58 

AA, 

56 

3b. 

6 A 

39* 

62 

Al* 

60 

A3, 

3b 

AA  , 

57 

3b. 

b 5 

39* 

63 

A 2 # 

60 

A3. 

39 

A3. 

58 

37. 

bb 

AO# 

63 

A3* 

61 

AA, 

60 

A 6 , 

58 

37* 

67 

Al. 

6 A 

A3, 

62 

A3, 

60 

A 6 , 

39 

3b. 

67 

Al* 

65 

AA  » 

62 

A 5 » 

61 

A7, 

60 

39* 

68 

A 2 # 

66 

A 5 » 

63 

Ab  » 

62 

A 8 , 

bO 

39. 

69 

A 2 * 

66 

A 5 » 

6 A 

A 7, 

63 

A8  , 

61 

a3. 

70 

A3* 

67 

A 6. 

65 

A 7 » 

63 

A 9 , 

62 

A3* 

71 

AA, 

6b 

A 6 » 

65 

A 8 , 

6 A 

A 9 , 

62 

Al* 

71 

AA# 

6b 

A 7. 

66 

A8, 

65 

50, 

63 

A 2# 

72 

A 5 • 

69 

Ai, 

67 

A9 , 

65 

31, 

6A 

A 2 . 

73 

A3* 

70 

Ab, 

67 

30, 

66 

31, 

65 

A3. 

7A 

Ab* 

71 

A 9 , 

6b 

50, 

67 

52, 

65 

1 3* 

7A 

A 7 # 

71 

A 9 # 

69 

31# 

68 

33, 

bb 

AA# 

75 

A7# 

72 

50. 

70 

32, 

6d 

53, 

67 

A A . 

7b 

A 8 # 

73 

51. 

70 

32, 

69 

5A, 

67 

A 5 # 

77 

A8# 

7 A 

51. 

71 

33. 

73 

55, 

bb 

Ab* 

77 

A 9 , 

7A 

52. 

72 

53, 

70 

55, 

69 

A 6 . 

78 

50# 

73 

53. 

72 

5 A , 

71 

3b, 

69 

A 7* 

79 

50, 

76 

53, 

73 

53, 

72 

36, 

70 

A 7. 

79 

51. 

77 

5 A , 

7 A 

35. 

72 

57. 

71 

A tt  . 

80 

51, 

77 

3 A , 

73 

36, 

73 

58, 

72 

A 9 » 

81 

52* 

7b 

55, 

7 3 

37, 

7A 

38, 

72 

A 9, 

82 

53# 

79 

56. 

7b 

57, 

73 

59, 

73 

50. 

82 

53# 

79 

5b, 

77 

58, 

73 

60  , 

7A 
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rOTAl  NUN  d 1 R 
Ok  k A llURtS 
( A 1 ♦ A 2 | 


UVtl  Ok  3 ION l k 1C  ANC  k 
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— 

-~9 
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— 

0, 

-- 

-- 

-- 

J 9 

W 9 

— 

J 9 

-- 

--9 

-- 

9 

— 

J 9 

— 

C, 

— 

1, 

b 

--9 

— 

0. 

— 

3, 

— 

1 9 

— 

1 9 

6 

— 

0. 

— 

1, 

~ 

1. 

7 

i. 

7 

J 9 

-- 

it 

-- 

A 9 

2 , 

0 

J 9 

t 

it 

-- 

1 . 

— 

it 

*9 

> . 

9 

3, 

0 

0 9 

— 

1. 

— 

it 

1C 

3, 

1 J 

3, 

9 

i 9 

— 

it 

— 

3, 

11 

3, 

1 - 

<1  9 

10 

I . 

— 

it 

12 

3 , 

12 

*9  9 

l 1 

<t  9 

U 

1 » 

-- 

it 

1 3 

H 9 

12 

H 9 

12 

b. 

11 

t 9 

-- 

it 

1A 

<1  9 

13 

V 9 

1 3 

7 9 

12 

it 

-- 

3 , 

i t> 

7 9 

1A 

b. 

13 

0 9 

13 

i 9 

-- 

A , 

16 

b , 

lb 

b 9 

1A 

7 , 

1 3 

it 

1 7 

1 9 

lb 

0# 

lb 

0 9 

lb 

7, 

IA 

it 

id 

j 9 

l 7 

O 9 

It 

7, 

16 

0 9 

lb 

N 9 

19 

b. 

Id 

f. 

1 7 

7. 

lb 

d 9 

16 

*99 

2 0 

*>  9 

A 9 

ft 

1 e 

d , 

17 

9 , 

lo 

'J  9 

n 

0 9 

19 

i. 

1 0 

8, 

lk 

9, 

if 

b t 

21 

It 

2k. 

it 

19 

1 0 

10, 

Id 

b» 

a 

ft 

21 

V 9 

20 

n. 

19 

10, 

la 

b 9 

a 

d * 

7 2 

9, 

2 J 

10, 

w V 

n , 

19 

r. 

i<* 

d 9 

22 

1 J 9 

21 

1 A 9 

21 

12, 

20 

7. 

£*> 

v 9 

23 

i 0, 

22 

11, 

21 

12, 

20 

it 

i'i 

9, 

2 A 

11, 

23 

1 9 

22 

13, 

21 

0 9 

it 

10. 

2b 

11. 

23 

12  • 

23 

13. 

) > 

d 9 

1 7 

10. 

2b 

12. 

it 

.3, 

23 

i *9  9 

22 

9, 

2d 

ii. 

26 

12. 

25 

lit 

L *9 

1 A, 

ii 

29 

11. 

if 

13, 

2b 

1A, 

2b 

lb. 

it 

10. 

19 

ii. 

2 a 

1 A, 

26 

A »•  9 

2 b 

lb. 

it 

1 0. 

30 

Ht 

26 

1A, 

27 

lb. 

2b 

16, 

2b 

11. 

31 

Ht 

29 

iJ  9 

it 

it)  9 

2 7 

17, 

26 

11. 

ii 

Ht 

30 

lb. 

it 

A 6 9 

2 7 

17, 

27 

12, 

ii 

itt 

31 

1 0 9 

29 

17, 

2a 

ia , 

27 

lit 

33 

1A  , 

31 

1 b 9 

30 

17, 

2 9 

Id, 

2d 

lit 

it 

15* 

3 2 

17, 

30 

Id. 

30 

19, 

29 

lit 

3b 

lb. 

33 

17, 

31 

la, 

30 

19, 

29 

IA, 

3b 

1 6 9 

3 A 

1 d 9 

32 

19, 

31 

20. 

30 

1 A. 

3a 

l 0 9 

3A 

Id, 

33 

19, 

32 

21, 

31 

lb. 

37 

If, 

3b 

19, 

33 

20, 

32 

21, 

31 

lb. 

3a 

Id, 

36 

20. 

JA 

21, 

33 

22, 

32 

1 b 9 

3d 

Id, 

36 

20, 

3b 

21. 

3A 

ii, 

3 3 

i 6 9 

39 

19, 

3 7 

21. 

3b 

ii. 

3A 

23. 

33 

1 ft 

AO 

19, 

3d 

21  , 

3e 

ii, 

3 > 

it, 

3a 

17. 

A 1 

i J » 

39 

22. 

3 7 

23. 

Jb 

it. 

3b 

la. 

A 1 

20, 

39 

22. 

if 

23, 

3a 

2b, 

3b 

ia. 

A i 

i 1. 

AO 

23, 

3d 

2a, 

37 

2b. 

3b 

19. 

A3 

21, 

A 1 

23, 

3 1 

2b, 

3 8 

2b, 

3 7 

NtSIS 

Ik  A i 

1 > 1 1 S i 

I IAN  OR 

t 0 l»  A L 

TO 

A,  OR 

Ik 

*2  I S 

THAN  Ok  1 00 AL  TO  B.  aMfcRt  T Ht  TABLL  CONIAlNi  THt  OR  0 1 R l 0 PAIRS  (A, ill. 

23 


CRUICAL  VALUES  EUR  TESTING  NTdElll  EQUAL  TU  HI8M2I  AGAINST  THE 
ALTERNATIVE  nTBF(l)  NOT  EQUAL  TO  NTBE12I,  WHEkt  R • T1/T2. 


(JUl  HUNdt* 

LEVEL 

OE  SIGNIFICANCE 

Jl  TWlWWNfcJ 

( Xl*X2l 

.001 

.010 

.050 

.100 

.2  CO 

5 L 

ua 

99 

22, 

91 

29  . 

34 

25. 

36 

26, 

37 

52 

Bib 

99 

22, 

92 

25, 

90 

26. 

39 

2 7, 

38 

Si 

20. 

1 3 

23, 

93 

iOP 

91 

top 

90 

t d p 

39 

St 

21. 

96 

23, 

99 

top 

92 

27. 

91 

28, 

39 

5s 

21. 

97 

29, 

99 

ZOp 

-.2 

27, 

91 

24, 

90 

bo 

22. 

9 7 

25, 

b 

2 7. 

93 

26, 

92 

29, 

91 

5 7 

22. 

98 

25. 

HO 

2 7. 

99 

24, 

93 

30, 

9. 

58 

23. 

94 

26, 

<8  0 

2 6, 

HH 

24, 

93 

31. 

92 

54 

23. 

5 J 

26, 

9 7 

2a, 

95 

30, 

99 

31, 

93 

6 J 

29, 

50 

27, 

96 

24, 

*0 

30, 

9 5 

32, 

93 

61 

29, 

51 

27, 

94 

30, 

*0 

31, 

95 

32, 

99 

62 

25, 

52 

28, 

94 

jO, 

9 7 

31, 

33, 

*«  b 

6 1 

25, 

52 

28, 

50 

31, 

96 

32, 

9 7 

33  . 

95 

69 

26, 

53 

24, 

51 

31. 

96 

33, 

97 

39, 

96 

65 

27, 

59 

29, 

5 1 

32, 

99 

33, 

98 

35, 

-.7 

66 

27. 

55 

30, 

52 

32, 

5C 

39, 

94 

35, 

97 

6 7 

28, 

5 s 

31, 

53 

33, 

5j 

39, 

94 

36, 

96 

06 

2d, 

bo 

31, 

53 

39, 

5 1 

35, 

50 

36, 

94 

69 

29, 

57 

32, 

59 

39, 

52 

35, 

")  1 

37, 

94 

TO 

29, 

57 

32, 

55 

35, 

5 j 

36, 

51 

38, 

50 

71 

30, 

58 

33, 

56 

35, 

53 

37, 

52 

38  . 

51 

72 

30, 

54 

33, 

56 

60  p 

59 

37, 

53 

39, 

51 

7 1 

31, 

bO 

39, 

57 

36, 

55 

3a  p 

53 

39, 

52 

79 

31, 

63 

39, 

58 

37, 

55 

s8. 

59 

90, 

53 

75 

32, 

61 

35, 

58 

38, 

bo 

39, 

5 5 

90. 

53 

76 

32, 

62 

35, 

54 

38, 

57 

90, 

55 

91, 

59 

77 

33, 

03 

3 o * 

60 

3 4, 

57 

90, 

56 

92, 

55 

7d 

33, 

63 

37, 

6G 

34, 

5b 

9 1 , 

57 

92, 

55 

79 

3-., 

69 

37, 

61 

b* 

91, 

57 

93, 

56 

80 

39, 

65 

33, 

o 2 

90, 

59 

92, 

56 

93, 

57 

d 1 

35, 

65 

38, 

63 

91  , 

6C 

92, 

54 

99, 

57 

82 

36, 

66 

39, 

63 

92, 

bl 

93, 

54 

95, 

58 

8 3 

36, 

o 7 

39, 

69 

92, 

61 

99  , 

60 

95, 

58 

89 

37, 

6d 

90. 

65 

93, 

62 

HH  9 

61 

9b, 

54 

85 

37. 

od 

90, 

65 

93, 

63 

95, 

61 

96, 

60 

86 

3o# 

69 

91, 

66 

99  . 

63 

95, 

62 

97, 

60 

87 

36, 

70 

92, 

67 

99  , 

69 

H 6 # 

63 

98, 

61 

88 

39, 

70 

92, 

67 

<o# 

65 

96, 

63 

98, 

62 

84 

34. 

71 

93, 

66 

96, 

65 

97. 

69 

99, 

62 

90 

90, 

72 

93, 

69 

96, 

Ob 

98, 

65 

99, 

63 

91 

90, 

73 

99, 

69 

9 7. 

67 

**  d # 

65 

50, 

69 

92 

91, 

73 

99, 

70 

97, 

67 

iff 

66 

51, 

OH 

93 

91, 

79 

95, 

71 

96, 

68 

94, 

67 

51, 

65 

49 

92, 

75 

95, 

72 

<•  d » 

b9 

50, 

67 

52, 

66 

9s 

93, 

75 

4 0 # 

72 

94, 

64 

51 . 

68 

52, 

00 

96 

93, 

76 

97, 

73 

50, 

70 

51, 

64 

53, 

67 

47 

99, 

77 

97, 

79 

50, 

71 

52, 

64 

5 3, 

00 

98 

99, 

7/ 

98  , 

79 

51, 

71 

52, 

70 

59, 

68 

94 

95. 

78 

98, 

75 

51, 

72 

53, 

71 

55. 

64 

100 

95, 

74 

99, 

76 

52, 

73 

53, 

71 

55, 

70 

REJECT  THE  NULL  NVPQT ME  S l S I E X2  IS  LESS  THAN  OR  EQUAL  TO  A.  Ok  IE  X2  IS  GREATER 
THAN  OR  EQUAL  TO  8 , WHERE  THE  TABLE  CONTAINS  THE  ORDERED  PAIRS  (A, 8). 

04 


TOTAL  N JN8ER 

of  failures 

< xi  *m  i 


LEVEL  OF  SIGNIFICANCE 


Ot 

-- 

1 t 

10 

it 

1 U 

it 

9 

it 

9 

0* 

— 

It 

11 

it 

11 

it 

10 

it 

;o 

1. 

— 

2 1 

12 

it 

11 

it 

11 

At 

10 

1, 

— 

2 t 

13 

i# 

12 

11 

A, 

u 

It 

— 

2 1 

1A 

t p 

13 

# 

12 

5, 

12 

C 9 

IS 

It 

IS 

i # 

13 

St 

13 

5, 

12 

it 

16 

It 

IS 

5 t 

1A 

St 

IS 

b # 

13 

ir 

17 

<»  9 

16 

St 

IS 

b # 

1A 

b t 

1A 

3t 

i d 

At 

17 

b# 

16 

6 # 

IS 

it 

1A 

it 

19 

St 

17 

o # 

16 

it 

1 6 

it 

15 

*# 

19 

St 

id 

o # 

17 

it 

lb 

8, 

le 

At 

20 

6# 

19 

7, 

16 

d# 

17 

d # 

1 0 

At 

21 

b # 

20 

7, 

1 b 

d # 

10 

9, 

17 

St 

22 

b * 

20 

0 # 

19 

9, 

16 

9, 

Id 

St 

22 

7 1 

2 1 

b » 

20 

9 1 

19 

10, 

Id 

b# 

2 1 

It 

22 

9, 

2 3 

1 w 

2 J 

1 1 , 

19 

b » 

2A 

St 

22 

9, 

21 

10, 

20 

11, 

19 

b # 

2j 

d # 

21 

1 J # 

22 

lit 

2 i 

12, 

20 

it 

25 

9t 

2a 

10, 

22 

11, 

22 

Lit 

21 

it 

26 

9t 

25 

lit 

23 

12, 

22 

lit 

21 

b 9 

27 

lOt 

25 

lit 

2A 

12, 

23 

lit 

22 

6 • 

2 3 

lOt 

2b 

Lit 

2 A 

13, 

2 A 

1 <»  # 

23 

19 

2d 

lit 

2 7 

Lit 

2 S 

11, 

2-. 

1A, 

23 

9, 

29 

lit 

27 

13, 

26 

1A, 

2S 

IS, 

29 

9 1 

10 

12, 

20 

lit 

26 

IS, 

2b 

IS, 

25 

lOt 

11 

12. 

29 

1 A t 

27 

15, 

26 

lb# 

25 

10, 

11 

1 3 1 

30 

i*9  9 

28 

lb# 

27 

16, 

26 

lit 

32 

lit 

30 

IS. 

29 

16, 

28 

17, 

27 

lit 

11 

Lit 

3 1 

1 5 t 

29 

▲ 6 # 

26 

17, 

27 

12, 

3a 

1 A t 

32 

lb# 

30 

17, 

29 

18, 

28 

Wt 

3A 

1 At 

32 

lb# 

31 

17, 

30 

lv. 

28 

lit 

IS 

ISt 

33 

17, 

31 

18, 

30 

19, 

29 

lit 

16 

15. 

3 A 

17, 

32 

16, 

31 

20  , 

30 

1 A t 

16 

lb# 

3A 

Id, 

32 

19, 

32 

20, 

30 

1 A, 

37 

lb# 

3 S 

id. 

31 

19, 

32 

21. 

31 

ISt 

38 

17, 

36 

19, 

1A 

2C  , 

33 

21, 

32 

ISt 

39 

1 7 1 

3o 

19, 

3 A 

21, 

33 

22, 

32 

IS  t 

39 

lit 

37 

20, 

IS 

21, 

3A 

22, 

33 

16, 

AO 

Id. 

3d 

21, 

3b 

22, 

35 

23, 

3 A 

16. 

Si 

19, 

36 

21, 

16 

22, 

IS 

23, 

3 A 

1 7 1 

A 1 

1 9 t 

39 

22, 

37 

23, 

3b 

2 A , 

15 

CRlllCAL  VALUES  FUR  TESIING  fUBKlJ  EQUAL  10  M T «i  F 1 2 » AGAINST  iHt 
alILRNATIwl  niAFUl  NOT  EQUAL  TO  MTBM2I*  RrttRE  K • (1/12. 


REJECT  (HF  NULL  HTPOIMESIS  IF  X Z IS  LtSS  THAN  or  EQUAL  TU  A.  OR  IF  X2  IS  GREATER 


(HAN  UR  tJUAL  TO  B,  RHERE  THE  TABLE  CONTAINS  THE  ORDERtO  PAIRS  (A.B). 


CRITICAL  VALUES  FOR  TESTING  MTdFlll  EQUAL  TO  MTBF(2>  AGAINST  THE 
AL 1 1 RNA  FIVE  NTaf(l)  NOT  EQUAL  TO  MTBF(2I»  RHERE  R • T1/T2. 


TOTAL  NUMBER 
OF  FAILURES 
( XI  ♦ X 2 T 


LEVEL  OF  iIGNIFICANCE 


16, 

A 1 

18, 

38 

20, 

36 

21, 

35 

23, 

3 A 

16, 

A 1 

19, 

39 

21, 

37 

22, 

36 

23, 

3 A 

17, 

A 2 

H, 

AO 

21, 

37 

22, 

36 

2 A, 

35 

17, 

A3 

20, 

AO 

22, 

38 

23, 

3 7 

2 A, 

36 

17, 

A3 

20, 

Al 

22, 

39 

23, 

38 

25, 

36 

IB, 

A A 

21, 

A2 

23, 

39 

2A, 

38 

25, 

37 

16, 

A 5 

21, 

A 2 

23, 

AO 

2 A , 

39 

26, 

37 

19, 

A5 

21, 

A3 

2 A , 

Al 

23, 

39 

26, 

3o 

19, 

A6 

22, 

A3 

2 A , 

Al 

23, 

AO 

27, 

39 

20, 

A7 

22, 

AA 

25, 

A 2 

26, 

Al 

27, 

39 

20, 

A 7 

23, 

A 5 

25, 

A 2 

26, 

Al 

28, 

AU 

21, 

A3 

23, 

A 5 

2 6, 

A3 

27, 

*2 

28, 

AO 

21, 

A9 

2 A , 

A 6 

26, 

AA 

27, 

A2 

29, 

Al 

21, 

A9 

2 A , 

A 7 

27, 

AA 

28, 

A3 

29, 

A2 

22, 

50 

25, 

A 7 

27, 

A 5 

29, 

AA 

30, 

A2 

22, 

51 

25, 

Ab 

28, 

A 5 

29, 

AA 

30, 

A3 

23, 

51 

26, 

A9 

2 o. 

A 6 

30, 

A5 

31, 

A3 

23, 

52 

2 6, 

A 9 

29, 

A 7 

30, 

A5 

32, 

AA 

2A, 

53 

27, 

50 

29, 

A 7 

31, 

A6 

32, 

A5 

2A, 

53 

27, 

50 

30, 

A b 

31, 

A 7 

33, 

A 5 

25, 

5 A 

28, 

51 

30, 

A 9 

32, 

A 7 

33, 

A6 

2 5, 

55 

28, 

52 

31, 

A 9 

32, 

Ab 

3 A , 

Ao 

26, 

55 

29, 

52 

31, 

50 

33, 

A8 

3 A , 

A7 

26, 

56 

29, 

53 

32, 

50 

33, 

A9 

35, 

A8 

2b, 

56 

30, 

5 A 

32, 

51 

3 A , 

50 

35, 

A8 

27, 

57 

30, 

5A 

33, 

52 

3 A , 

50 

36, 

A 9 

27, 

58 

31, 

55 

33, 

52 

35, 

51 

3 6, 

A 9 

2d, 

58 

31, 

55 

3 A, 

53 

35, 

52 

37, 

50 

28, 

59 

31, 

56 

3 A , 

53 

36, 

52 

37, 

51 

29, 

60 

32, 

57 

35, 

5 A 

36, 

53 

36, 

51 

29, 

60 

32, 

57 

35, 

55 

37, 

53 

38, 

52 

30, 

61 

33, 

58 

36, 

55 

37, 

5A 

39, 

52 

30, 

62 

33, 

59 

8 6, 

56 

38, 

55 

39, 

53 

31 , 

62 

3 A , 

59 

37, 

57 

3 8, 

55 

AO, 

53 

31, 

63 

3 A, 

60 

3 7, 

57 

39, 

56 

AO, 

5A 

32, 

6 A 

35, 

60 

38, 

58 

39, 

56 

Al, 

55 

32, 

6 A 

35, 

61 

38, 

58 

AO, 

57 

Al, 

55 

33, 

65 

36, 

62 

39, 

59 

AO, 

58 

A 2 , 

56 

33, 

66 

36, 

62 

39, 

60 

Al, 

58 

A2, 

56 

33, 

66 

37, 

63 

AO, 

60 

Al, 

59 

A3, 

57 

3A, 

67 

37, 

6A 

AO, 

61 

A 2 , 

59 

A3, 

58 

3A, 

67 

3d, 

6 A 

Al, 

61 

A2, 

60 

HA, 

56 

35, 

68 

38, 

0 5 

Al, 

62 

A3, 

61 

A5  , 

59 

3 5, 

69 

39, 

65 

A 2 , 

63 

A3, 

61 

A5, 

59 

36, 

69 

39, 

66 

A 2 , 

63 

AA, 

62 

A 6 , 

60 

3b, 

70 

AO, 

67 

A3, 

6 A 

AA, 

62 

A 6 , 

61 

37, 

71 

AO, 

67 

A3, 

6A 

A5, 

63 

A 7, 

61 

37, 

71 

Al, 

68 

AA, 

65 

A5  , 

63 

A7, 

62 

38, 

72 

Al, 

69 

AA, 

66 

A6  , 

6A 

A 8, 

62 

38, 

73 

A2, 

69 

A5  , 

6b 

A6, 

65 

A 8 , 

63 

REJECT  THE  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  OR  EQUAL  TO  A,  OR  IF  X2  IS  GREATER 
Than  U*  EQUAL  TO  B,  KHERE  THE  TABLE  CONTAINS  THE  ORDERED  PAIRS  U,B>. 


aKIIICAL  VALUES  FOR  TESIINU  NIIFIll  EOUAL  l U NIUM/I  AO  A l Nil  I Hi 

uhKNAim  nr  df  < i i nui  eoual  tu  nr«F<2>#  where  k > u/T2. 


I U I A t NUN8E* 
OF  FAILURES 
<K1a*2I 


LEVEL  OF  SlbNlFICAhCk 


1 J. 

3d 

IS# 

36 

Lb# 

33 

14, 

32 

20# 

31 

1 J* 

34 

16* 

36 

lb# 

3 A 

14, 

33 

20# 

32 

IS. 

34 

16# 

37 

lb# 

35 

20. 

33 

21# 

32 

IS, 

AO 

1 7# 

37 

14* 

is 

20# 

Ja 

21# 

33 

is. 

A 1 

17. 

3d 

19. 

36 

20. 

35 

22# 

33 

1 5 * 

Ai 

17. 

39 

2 0. 

36 

21. 

3S 

22. 

3A 

IS# 

Ai 

Id# 

39 

20. 

37 

21. 

io 

23, 

3a 

i 0 » 

St 

Id# 

AO 

21. 

37 

22. 

36 

23, 

3 s 

10. 

A3 

14# 

AO 

2 1. 

3d 

22  > 

37 

is. 

35 

10# 

ss 

14# 

AI 

il. 

34 

2 3# 

37 

ts. 

io 

1 7# 

AA 

iO# 

Al 

ii. 

34 

23. 

Jd 

ts. 

it 

it. 

AS 

iJ# 

Ai 

ti. 

AO 

2 A # 

3d 

25, 

it 

Id# 

AS 

iJ# 

A3 

2 3. 

SJ 

2A, 

34 

25. 

JH 

Lop 

<16 

il  . 

A3 

23# 

Al 

2A, 

So 

^ 6 » 

Jd 

Id# 

St 

il* 

A A 

i.  «t  f 

Al 

25, 

AO 

26. 

34 

14* 

A J 

It, 

A A 

£ «•  # 

A 2 

2)# 

.1 

27. 

34 

14, 

Ad 

it. 

AS 

25. 

A 2 

«?6  # 

Al 

27. 

AO 

t 0 9 

Ad 

tt. 

A 6 

25. 

A 3 

26# 

St 

2d. 

AO 

to. 

A 4 

2 3# 

A 6 

<!  J » 

ss 

2 7. 

A 2 

2d, 

Al 

to. 

SO 

i 3 » 

A 7 

6 9 

ss 

27, 

A3 

24. 

Al 

i 1* 

SO 

is, 

A 7 

4?0# 

AS 

2b# 

A 3 

24, 

s 

21, 

SI 

is. 

A 8 

2 7, 

A S 

2d, 

AA 

3 0. 

A 2 

tt. 

Si 

is. 

•»  J 

2 7. 

S 6 

id. 

<•  *> 

30. 

A3 

tt. 

Si 

i5. 

A 4 

id* 

A 6 

29, 

AS 

30. 

AA 

a. 

S3 

is# 

SO 

id. 

A 7 

24, 

A6 

31, 

AA 

a. 

S3 

26# 

so 

2b# 

Ad 

30# 

<10 

31# 

AS 

1 1. 

SA 

26. 

si 

24. 

••  tt 

30, 

A 7 

32# 

AS 

ts. 

SA 

27# 

SI 

24, 

S 9 

31# 

A 7 

32, 

<40 

ts. 

S5 

27. 

Si 

30, 

s* 

31. 

Ad 

33# 

A6 

is. 

S 0 

id* 

52 

30, 

50 

32  # 

Ad 

33# 

St 

is# 

56 

id# 

S 3 

31# 

50 

32# 

A 4 

is , 

st 

is# 

S t 

id. 

JA 

31, 

51 

33. 

a4 

is. 

Ad 

J 6 • 

S 7 

24. 

SA 

32, 

51 

33, 

SO 

35# 

Ad 

tt. 

Sd 

24# 

55 

32# 

52 

33, 

51 

35  # 

S'* 

26. 

54 

30# 

55 

32  # 

S J 

3a, 

51 

Jb# 

A 4 

it. 

54 

30. 

56 

33# 

S3 

3A  , 

52 

36# 

SO 

1 1, 

60 

31. 

56 

33. 

6* 

J ‘Jf 

52 

3 7, 

50 

id. 

60 

31# 

57 

3 A # 

5 A 

35# 

53 

37, 

51 

id# 

61 

31  . 

Sd 

iS  $ 

55 

J 6 # 

53 

it. 

52 

i 4# 

61 

32. 

Sd 

35, 

55 

36. 

5 A 

3d. 

52 

i9» 

6i 

32. 

54 

Ji  # 

56 

37. 

SA 

3d# 

S3 

i 9# 

63 

33# 

S 4 

i 6 * 

56 

37. 

ii 

34, 

S3 

10, 

63 

33# 

60 

i 6 » 

S 7 

3d. 

55 

34, 

SA 

JO# 

6 A 

3a# 

60 

37, 

57 

iO 

AO. 

i* 

31# 

6 A 

3a, 

61 

3 7. 

Sd 

3d. 

57 

AO. 

55 

31* 

65 

3 A # 

62 

it. 

54 

34. 

57 

A l , 

55 

31  * 

66 

is# 

62 

3d# 

54 

34, 

Sd 

Al. 

io 

3i* 

66 

35# 

63 

3d, 

6a) 

<•0  » 

Sd 

a2  , 

56 

3i  * 

67 

idr 

63 

39, 

60 

AO, 

54 

A 2 , 

57 

67 

1 6 # 

6 A 

34# 

61 

A 1 . 

54 

A3. 

5 7 

KtJECI  frFt  NULL  HTPUMISIS  IF  X2  IS  LESS  I H AN  OK  lOUAl  TO  A.  OK  IF  *2  IS  uK  t A 1 L K 
(HAN  OK  EOUAL  TO  d,  WHtKc  T Ht  (AHLc  CUNIAlNS  I HE  OKOkKtO  PAIRS  I A , H ) . 


CRITICAL  VALUES  FOR  ItSTINO  NTBF11I  tOUAL  (0  HTSFUI  AOAINST  1 Ml 
ALIeRNATIVE  N1BFI1I  NO  t EQUAL  TO  NTBF<2>,  WHERE  8 - T1/T2. 


TOTAL  NUMBER 
OF  FAILURES 
( x 1 ♦ X 2 > 


LEVEL  OF  SIGNIFICANCE 


•*  9 

— — 

:: 

A 

0, 

3 

* 

— 

9 

— 

9 

5 

Of 

5 

0, 

5 

— 

— 9 

— 

— f 

b 

J 8 

b 

0, 

5 

~ 

9 

7 

Of 

7 

Of 

b 

1, 

b 

-- 

— 8 

8 

Of 

7 

Of 

7 

1, 

b 

""  9 

— 

Of 

V 

Of 

8 

If 

d 

1, 

7 

*•# 

13 

0 8 

V 

If 

9 

If 

8 

1 . 
k 8 

3 

II 

Of 

10 

1 f 

V 

If 

9 

2, 

8 

12 

Of 

11 

If 

10 

2 , 

V 

it 

9 

Of 

13 

If 

11 

2 , 

10 

2, 

10 

it 

9 

0 9 

13 

If 

12 

2 , 

11 

2 , 

13 

it 

10 

Of 

1* 

If 

13 

2 , 

12 

3, 

11 

3, 

10 

0. 

IS 

If 

13 

2 , 

12 

3, 

12 

<#  9 

11 

J# 

IS 

2 f 

1A 

3 , 

13 

3, 

12 

A , 

11 

If 

lb 

2 f 

15 

3, 

1 3 

A t 

1 3 

A , 

12 

If 

17 

2 f 

15 

i. 

IA 

A , 

13 

5, 

12 

If 

17 

3 f 

lb 

<•  9 

1A 

Af 

1A 

5, 

13 

it 

18 

3 f 

lb 

<*  • 

15 

5, 

1A 

b. 

13 

it 

IV 

3 f 

17 

f , 

lb 

5 f 

15 

b , 

1A 

it 

IV 

A f 

Id 

5, 

lb 

b 8 

15 

b# 

15 

it 

20 

A f 

18 

5 , 

17 

Of 

lb 

7 , 

15 

it 

20 

Af 

IV 

08 

17 

bf 

lb 

7, 

lb 

it 

21 

Af 

IV 

0 8 

lb 

tt 

17 

8 , 

lb 

it 

22 

5 f 

20 

b f 

18 

t. 

lb 

b 8 

17 

it 

22 

5 f 

20 

7 , 

19 

tt 

18 

8, 

17 

St 

23 

5f 

21 

t. 

19 

8 f 

19 

9, 

18 

St 

is 

6 * 

22 

it 

20 

8 f 

19 

9 , 

18 

is 

b 9 

22 

d p 

21 

9, 

20 

10, 

19 

it 

25 

6 8 

23 

J 8 

21 

V, 

2C 

10, 

19 

it 

25 

7, 

23 

d 8 

22 

9, 

21 

10, 

20 

it 

2b 

7 f 

2A 

*8 

22 

13, 

21 

11, 

20 

6 9 

27 

d # 

2A 

V, 

23 

10, 

22 

11, 

21 

6 9 

it 

d 8 

25 

10, 

23 

10, 

22 

12, 

21 

b p 

28 

d p 

2b 

10, 

is 

11, 

23 

12, 

22 

it 

2d 

Vf 

2b 

10, 

is 

11, 

23 

12, 

22 

it 

2 V 

V, 

2 7 

Ilf 

25 

12, 

is 

13, 

23 

it 

2 V 

Vf 

2 7 

Ilf 

25 

12, 

is 

13, 

23 

# 9 

30 

10, 

28 

Ilf 

2b 

12, 

25 

1 A, 

2 A 

6 9 

31 

10, 

28 

12, 

2b 

13, 

25 

1 A , 

2 A 

8 9 

31 

10, 

2 V 

12, 

27 

13, 

2b 

1A, 

25 

8 f 

32 

Ilf 

33 

13, 

27 

1 A, 

2b 

15, 

25 

9, 

32 

Ilf 

30 

13, 

28 

1A, 

it 

15, 

2b 

9, 

33 

11  f 

31 

13, 

2V 

1A, 

it 

lb. 

2b 

9, 

3* 

12, 

31 

If, 

2V 

15, 

26 

lb. 

27 

10f 

3 S 

1 2 , 

32 

1 A , 

30 

15, 

29 

lb. 

2 7 

10f 

35 

12, 

32 

15, 

30 

lb. 

29 

17, 

28 

lOf 

35 

1 3 , 

33 

15, 

31 

lb  p 

30 

17, 

26 

HESIS 

IF  *2 

IS  LESS 

Than  or 

EQUAL 

TO 

A,  OR 

IF 

X2  IS 

THAN  iN  tOUAL  TO  8,  WHERE  THE  TABLE  CONTAINS  THE  UROEREO  PAIRS  (A, 8). 


CRITICAL  VALUES  EUR  TESTING  NTBFUI  t.'UAL  TO  NT6M2)  AGAINST  THE 
ALTcRNATlVt  NT  BE  I I I NOT  tUUAl  TO  NT  BE ( 2 I » RHtRt  R • IWT2. 


TOTAL  NUNdER 

OF  FAILURES 
IX1EX2I 

LEVEL 

OF  SIGNIFICANCE 

1 

.001 

.010 

.050 

.100 

.200 

I 

l 

S 

— # 

“ - 

— - 9 

-- 

--9 

— 

” - # 

3 

A 

— 1 

-- 

9 

-- 

--9 

9 

A 

--9 

A 

5 

— 

— 

9 

5 

9 

6 

0. 

5 

6 

9 

— 

9 

— 

--9 

0 

0. 

0 

0. 

5 

7 

-- 

— 9 

7 

J 9 

7 

0. 

0 

0. 

6 

a 

— 

9 

a 

J 9 

7 

0. 

7 

1. 

0 

<j 

9 

— 

"9 

9 

J 9 

6 

1. 

7 

1. 

7 

10 

9 

10 

J. 

9 

0. 

0 

1. 

6 

1. 

7 

n 

11 

0. 

10 

1 . 

9 

1. 

8 

it 

8 

12 

12 

J 9 

li 

i 9 

10 

1. 

9 

it 

8 

13 

9 

12 

0. 

11 

1 9 

10 

2 . 

10 

it 

9 

1 A 

0» 

1 3 

1 . 

12 

2. 

11 

it 

10 

it 

9 

la 

J 9 

1 A 

1. 

12 

it 

11 

it 

11 

it 

10 

16 

3. 

1A 

1. 

13 

it 

12 

it 

11 

3. 

11 

1 7 

C » 

1 J 

1. 

1 A 

it 

▲ J 

it 

12 

<•  9 

11 

Id 

0> 

16 

it 

1A 

it 

13 

it 

12 

* 9 

12 

IV 

1» 

16 

it 

la 

it 

1A 

*9  9 

13 

5. 

12 

20 

i 9 

17 

it 

15 

it 

1 A 

*9  9 

13 

5, 

13 

21 

l . 

Id 

it 

1 0 

*9  9 

15 

A • 

1A 

5 . 

13 

22 

1. 

Id 

it 

17 

A . 

15 

5. 

1A 

6 9 

1A 

2 J 

it 

19 

it 

1 7 

A . 

16 

it 

15 

69 

1A 

2 A 

it 

19 

it 

Id 

it 

1 c 

t>  9 

15 

0 9 

15 

25 

it 

20 

<•  9 

16 

t>  9 

1 7 

6 9 

16 

it 

15 

2o 

it 

21 

*9  9 

19 

5. 

1 7 

6 9 

10 

it 

16 

27 

3. 

21 

*♦  » 

19 

6 9 

18 

7. 

17 

7. 

16 

2 a 

3# 

22 

D 9 

iJ 

69 

16 

7. 

16 

8. 

17 

29 

3 » 

22 

it 

20 

6 9 

19 

7. 

Id 

d 9 

17 

30 

*9 

23 

>9 

21 

7, 

19 

tf  9 

19 

9. 

Id 

31 

A. 

2 A 

t)  9 

22 

7. 

20 

tt  9 

19 

9. 

IS 

32 

s » 

2 A 

09 

22 

0 9 

2 C 

d 9 

20 

9. 

19 

Ji 

A > 

2a 

6 9 

23 

d 9 

21 

9. 

20 

10. 

19 

3t 

5 » 

25 

7. 

23 

d » 

21 

9. 

21 

10. 

19 

36 

t)  9 

26 

it 

2 A 

9. 

22 

9. 

21 

10. 

20 

36 

5. 

26 

7t 

2 A 

9. 

23 

10. 

22 

11. 

20 

37 

0 9 

27 

6. 

25 

9. 

23 

10. 

22 

11. 

21 

3d 

0 9 

4!  d 

a. 

25 

10. 

2a 

11. 

23 

12  . 

21 

39 

0 9 

2d 

6 9 

26 

10. 

2 A 

n. 

23 

12. 

22 

AO 

It 

29 

9. 

26 

10. 

25 

11. 

2 A 

12. 

22 

A 1 

7, 

29 

9. 

27 

11. 

25 

12. 

2 A 

13. 

23 

A 2 

It 

30 

9. 

28 

11. 

26 

12. 

26 

13. 

23 

A 3 

It 

30 

10. 

26 

11. 

26 

12. 

2a 

1A  . 

2 A 

AA 

a t 

31 

10. 

29 

12. 

27 

13. 

26 

1 A, 

2A 

A5 

6 9 

32 

10. 

29 

12. 

27 

13. 

26 

1A. 

25 

A 6 

d 9 

32 

11 » 

30 

13. 

26 

1 A. 

27 

16. 

25 

A 7 

9* 

33 

11. 

30 

13. 

26 

1 A. 

27 

15. 

26 

Ad 

9# 

3 J 

11. 

31 

13. 

29 

lA. 

26 

15. 

26 

A 9 

9 . 

3 A 

12. 

3 1 

1A. 

29 

15. 

26 

1 6 9 

27 

50 

10. 

3 A 

12. 

32 

1A. 

30 

15. 

29 

1 6 9 

27 

KtJECT  THt  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  OR  t JU  AL  TO  A,  OR  IF  X2  IS  GRtAUR 
THAN  OR  t GOAL  TO  8,  RHERE  THt  TABLE  CONTAINS  THE  ORDERED  PAIRS  T A » 6 ) • 

.17 


CRITICAL  VALUES  FOR  T 1 1 1 l NG  HTBFdl  EQUAL  TO  NUM^I  AGAINST  THt 
ALTERNATIVE  NIBFTII  NOT  EQUAL  TJ  HJ6 F<2»,  wHtKE  R * 71/12. 


TOTAL  NUNBER  LEVEL  OF  i l GNl F IC  ANC  E 

JF  FAILURES  

T*i**2»  .JU1  .010  .050  .100  .200 


Sl 

10. 

35 

12, 

32 

19, 

30 

15, 

29 

17, 

28 

52 

10. 

35 

13, 

33 

15, 

31 

16, 

33 

17, 

26 

5 1 

11. 

3o 

13, 

33 

15, 

31 

16, 

30 

17, 

29 

St 

11. 

36 

13. 

39 

Is, 

32 

17, 

30 

1 6 9 

29 

5 S 

11. 

37 

19, 

39 

16. 

32 

17, 

31 

IB, 

3C 

56 

12. 

38 

19, 

35 

16, 

33 

17. 

31 

19. 

30 

57 

12. 

38 

19, 

35 

17, 

33 

18, 

32 

19, 

31 

SB 

12. 

39 

15, 

36 

17. 

39 

18. 

32 

19. 

31 

59 

13. 

39 

15, 

37 

17, 

39 

18, 

33 

20, 

32 

60 

13. 

9 0 

15, 

37 

IB, 

35 

19, 

33 

20, 

32 

6 1 

13. 

90 

1 6 , 

38 

13, 

35 

19, 

39 

21, 

32 

62 

19. 

91 

16  , 

3a 

18, 

36 

20, 

3t 

21, 

33 

63 

A 9 . 

91 

16, 

39 

19. 

3e 

20, 

35 

21, 

33 

69 

19. 

92 

17, 

39 

19, 

37 

20. 

35 

22, 

39 

65 

19. 

92 

17, 

90 

20, 

37 

21, 

36 

22, 

39 

66 

15. 

93 

18, 

90 

20, 

38 

21, 

36 

23, 

35 

67 

IS. 

99 

18, 

91 

20, 

38 

22, 

37 

23, 

35 

6b 

1 6 . 

99 

13, 

91 

21, 

39 

22. 

37 

2 3, 

36 

69 

16. 

95 

19. 

92 

21, 

39 

22, 

3d 

29, 

36 

70 

1 6 . 

95 

19, 

92 

21, 

90 

23, 

38 

29, 

37 

71 

17, 

96 

19, 

93 

22, 

90 

23, 

39 

25, 

3 7 

72 

17, 

9 6 

2 0, 

93 

22. 

91 

23, 

39 

25, 

38 

73 

17. 

97 

2 0, 

99 

23, 

91 

29, 

90 

25, 

38 

79 

1 6. 

97 

20, 

99 

23, 

92 

29, 

90 

26, 

39 

75 

18, 

98 

21, 

95 

23, 

92 

25, 

91 

26, 

39 

76 

la. 

98 

21, 

95 

29, 

93 

25, 

9 L 

27, 

90 

77 

19, 

99 

21, 

1 6 

29, 

93 

25, 

92 

2 7, 

90 

7 8 

19. 

99 

22, 

96 

2 9, 

99 

26. 

92 

27, 

91 

79 

19, 

50 

22, 

9 7 

25, 

99 

26, 

93 

28, 

91 

60 

20, 

50 

23, 

97 

25, 

95 

2 7, 

93 

28  , 

91 

81 

20, 

51 

23, 

93 

26, 

9 5 

27, 

99 

29, 

92 

o2 

20, 

51 

23, 

9 a 

26, 

95 

2 7, 

9 t 

29, 

92 

83 

21, 

52 

29, 

99 

26, 

96 

2d, 

95 

29, 

93 

B 9 

21. 

53 

29, 

99 

27, 

96 

28. 

95 

30, 

93 

85 

21, 

53 

29. 

50 

27, 

9 7 

26, 

95 

30. 

99 

86 

22, 

59 

25, 

SO 

2 7, 

97 

29, 

96 

31, 

99 

87 

22. 

59 

25, 

51 

2B, 

98 

29, 

9b 

31, 

95 

88 

22. 

55 

25, 

51 

28, 

98 

30. 

97 

31, 

95 

89 

23, 

55 

2 6, 

52 

29, 

99 

30, 

97 

32, 

96 

90 

23, 

56 

26  , 

52 

29, 

9 V 

30, 

98 

32, 

96 

91 

23. 

56 

27, 

53 

29, 

50 

31, 

98 

33, 

9 7 

92 

29, 

57 

27, 

53 

30, 

50 

31, 

99 

33, 

97 

93 

29, 

57 

27, 

59 

30, 

51 

32, 

99 

33, 

98 

99 

29, 

58 

23, 

59 

31, 

51 

32, 

50 

39. 

t 8 

95 

2 S , 

58 

28, 

55 

31, 

52 

32, 

50 

39, 

99 

96 

25, 

59 

28, 

55 

31  • 

52 

33, 

51 

35, 

99 

97 

25. 

59 

29, 

56 

32, 

53 

33, 

51 

35, 

99 

98 

26, 

60 

29, 

56 

32. 

53 

39, 

52 

35. 

50 

99 

26, 

60 

30, 

57 

32, 

59 

39, 

52 

36, 

50 

100 

2 7, 

61 

30, 

57 

33. 

59 

39  , 

5 3 

36, 

51 

REJECT  IHE  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  JR  EQUAL  IU  A,  UR  IF  *2  IS  GREATER 
THAN  jR  EQUAL  TO  B.  WHERE  THE  TABLE  CONTAINS  THE  OROeRED  PAIR*  (A, 61. 

38 


i 


. 


9 


■ i m-mmm 


ck i r ic ac  values  f oh  TESTING  ntbfui  equal  ro  nt8M2>  against  the 

ALTERNATIVE  NldHlI  NOT  EQUAL  TO  NT8FI21,  NHERE  R • T1/T2. 

B • 1.9 


I0UL 

Jf  I-  A I Llifct  £ i 

LEVEL 

OF  SIGNIFICANCE 

1 

<Xl**21 

.Owl 

.010 

.050 

.IOC 

.200 

SI 

9. 

39 

11, 

31 

13, 

29 

15, 

2b 

16, 

27 

S2 

9, 

39 

12, 

32 

iS  p 

30 

15, 

29 

1 6 p 

27 

5 3 

10. 

33 

12, 

32 

19, 

30 

15, 

29 

17, 

28 

S'. 

10, 

36 

12, 

33 

15. 

31 

lb, 

29 

17, 

28 

S 5 

10, 

36 

13, 

33 

15. 

31 

16  p 

30 

17, 

29 

t>0 

11, 

37 

Li, 

19 

15, 

32 

16, 

30 

13, 

29 

s r 

li. 

37 

13, 

39 

1 6 9 

32 

17, 

31 

18, 

30 

5 0 

u. 

38 

19, 

35 

*0  9 

33 

17, 

31 

16, 

30 

59 

12, 

38 

19, 

35 

16, 

33 

17, 

32 

19, 

30 

0 u 

12, 

39 

19, 

36 

17, 

39 

16, 

32 

19, 

31 

6 1 

12, 

39 

15. 

Jo 

17, 

39 

Id, 

31 

20, 

31 

62 

1 A , 

90 

IS, 

37 

17, 

39 

19, 

33 

20, 

32 

63 

13. 

9 0 

15  # 

37 

18, 

35 

19. 

39 

20, 

32 

69 

1 3, 

9 1 

16, 

le 

18, 

35 

19, 

39 

21, 

3 3 

6S 

13, 

91 

1 6 p 

3b 

1 6 9 

36 

20, 

35 

21, 

33 

66 

i **  * 

92 

16, 

39 

19, 

36 

do  9 

35 

21, 

39 

6/ 

19, 

92 

17, 

39 

19, 

37 

20, 

3o 

22, 

39 

06 

19, 

93 

17, 

90 

19, 

3 7 

21, 

36 

22, 

35 

69 

IS, 

93 

1 7, 

90 

d J 9 

36 

21, 

37 

23, 

35 

70 

l?P 

99 

18, 

91 

20, 

38 

21, 

37 

23, 

35 

71 

IS, 

99 

1 3 7 

91 

21, 

39 

22, 

37 

23, 

36 

7 Z 

16, 

9 3 

18, 

92 

21, 

39 

22, 

38 

29, 

36 

73 

It)# 

95 

19, 

92 

21. 

90 

23, 

38 

29, 

37 

7* 

io. 

96 

19, 

93 

22. 

90 

23. 

39 

29, 

37 

75 

17, 

96 

19, 

93 

22, 

91 

23, 

39 

25, 

38 

76 

17, 

97 

2 3, 

99 

22, 

91 

Z*9P 

90 

25, 

38 

77 

1 7, 

97 

20, 

23. 

92 

29, 

90 

26, 

39 

78 

18, 

98 

21, 

95 

2 3 , 

92 

29, 

9 1 

26, 

39 

79 

18, 

98 

21 , 

95 

23, 

93 

Zb, 

91 

26, 

90 

6 0 

18, 

99 

21, 

*6 

d*9  P 

93 

Zb, 

92 

27, 

90 

81 

19, 

99 

22, 

*6 

29  , 

93 

Zb, 

92 

27, 

90 

82 

19, 

SO 

22, 

97 

25. 

99 

Zb, 

93 

27, 

91 

83 

19, 

so 

22, 

97 

: ^ * 

99 

Zb, 

93 

2d, 

91 

8* 

20, 

SI 

23, 

98 

25, 

95 

27, 

93 

28, 

92 

85 

20, 

52 

23, 

98 

db  9 

9 5 

27, 

29, 

92 

8b 

2 3, 

52 

23, 

99 

Zb, 

*9  6 

27, 

29, 

93 

8 1 

21, 

53 

29, 

99 

26, 

*»6 

28, 

95 

29, 

93 

So 

24, 

S3 

29, 

SO 

2 7, 

97 

28, 

* 

30, 

99 

89 

21, 

59 

29, 

50 

27, 

9 7 

26, 

<*6 

30, 

90 

22, 

59 

25, 

51 

27, 

98 

29, 

96 

31, 

91 

22, 

55 

25, 

51 

28, 

98 

29, 

97 

31. 

95 

92 

22, 

55 

25, 

52 

28, 

99 

30, 

97 

31, 

*5 

9 3 

23, 

56 

52 

29. 

*•  0 

30, 

98 

32, 

96 

9<» 

23, 

56 

26, 

S3 

<■9, 

5C 

30. 

9b 

32, 

Hb 

9 S 

23, 

57 

26, 

53 

29, 

50 

31 , 

9 V 

32, 

97 

96 

29, 

57 

27, 

59 

30, 

51 

31, 

•w 

33, 

97 

97 

2t, 

58 

27, 

30, 

51 

31, 

•,9 

33, 

98 

98 

29, 

58 

27, 

55 

30, 

51 

32, 

50 

39, 

98 

99 

2 S, 

59 

28, 

55 

31, 

52 

32, 

50 

39  , 

99 

100 

25  » 

59 

28, 

55 

3 1, 

52 

33, 

51 

39, 

99 

RtJECT  THE  NULL  HYPOTHESIS  IF  <2  IS  LESS  THAN  OR  tOUAL  TO  A,  OR  IF  KZ  IS  GREATtR 

than  ur  equal  to  a,  *herc  the  table  contains  the  ordered  pairs  ia.bi. 
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CRITICAL  VALUES  FOR  TESTING  NTBFdl  EQUAL  TO  KT8F<2)  AGAINST  THE 
ALTERNATIVE  NTdFU)  NOT  EQUAL  TO  NTBf (2  ) » WHERE  R • T1/T2. 


(DIAL  NUMBER 

LEVEL 

OF  SIGNIFICANCE 

HP  P A T 1 UUP  ^ 



( Xi*X2  ) 

• 

o 

c 

.010 

.050 

.100 

.200 

1 

2 

3 

— , 

— 

— , 

— 

9 

— 

— t 

— 

— > 

3 

<1 

-- 

-- 

— | 

-- 

<* 

-- f 

s 

5 

— 

9 

— 

# 

5 

# 

5 

0, 

A 

6 

— # 

— 

9 

b 

# 

b 

Of 

5 

C 9 

5 

7 

— # 

— 

9 

7 

9 

b 

Of 

6 

Of 

5 

8 

— 9 

— 

3 

J 9 

7 

Of 

6 

Of 

b 

9 

— # 

9 

9 

B 

Of 

e 

Of 

7 

If 

6 

10 

1J 

9 

9 

Of 

d 

If 

8 

If 

7 

n 

11 

Of 

10 

Of 

9 

If 

8 

If 

7 

12 

— # 

11 

Of 

10 

If 

9 

If 

9 

2 f 

8 

1 J 

R 

12 

Of 

11 

If 

10 

If 

9 

it 

8 

14 

# 

13 

3 f 

11 

If 

10 

It 

10 

Z 9 

9 

15 

0, 

13 

0 9 

12 

If 

11 

it 

10 

it 

9 

lo 

0, 

1 A 

If 

12 

it 

11 

it 

11 

it 

10 

17 

c # 

1A 

If 

13 

it 

12 

it 

11 

it 

10 

lo 

0, 

15 

W 

1A 

it 

12 

it 

12 

A f 

11 

19 

Of 

lb 

If 

1A 

it 

13 

it 

12 

Af 

11 

2 u 

c# 

lb 

2 f 

15 

it 

13 

it 

13 

Af 

12 

21 

If 

17 

2 f 

1 5 

it 

1A 

Af 

13 

5f 

12 

22 

If 

17 

2 f 

lb 

3 9 

1A 

A f 

1A 

5 f 

13 

23 

If 

Id 

2 f 

lb 

Af 

15 

Af 

1 A 

5 f 

13 

24 

If 

19 

it 

17 

Af 

15 

5 f 

15 

b * 

1A 

25 

it 

19 

it 

17 

Af 

lb 

5f 

15 

bf 

1A 

2b 

Zp 

20 

it 

1 o 

5 f 

lb 

5 f 

lb 

6 # 

15 

2 7 

2 f 

20 

Af 

Id 

5, 

17 

bf 

lb 

Tt 

15 

2d 

2 f 

21 

A f 

19 

5 f 

17 

b 7 

lb 

Tt 

lb 

29 

3f 

21 

Af 

19 

o # 

Id 

b 9 

17 

7, 

lb 

30 

it 

22 

Af 

20 

b # 

Id 

Tt 

17 

8 f 

lb 

31 

it 

22 

5 f 

2 1 

b » 

19 

7, 

18 

Bf 

17 

32 

it 

23 

5 f 

21 

it 

19 

It 

18 

df 

17 

33 

Af 

2 A 

5 f 

22 

7 f 

20 

Bf 

19 

9f 

18 

3 A 

Af 

2 A 

b i 

22 

7 f 

20 

Bf 

19 

9 f 

IB 

35 

Af 

25 

b # 

23 

It 

21 

8 f 

20 

9 f 

19 

33 

Af 

25 

b # 

23 

0 9 

21 

9 f 

20 

10, 

19 

3 7 

5 f 

2b 

6 9 

2 A 

d » 

22 

9 f 

21 

10, 

20 

3d 

3# 

2b 

it 

2 A 

Bf 

22 

9, 

21 

10, 

20 

39 

5, 

27 

7 f 

25 

9 f 

23 

10. 

22 

11, 

21 

AO 

5 f 

27 

7 f 

25 

9 f 

23 

lCf 

22 

11, 

21 

A 1 

b » 

23 

d # 

2b 

9f 

2A 

10f 

23 

11, 

21 

A2 

bf 

2d 

8 f 

2b 

10. 

2A 

Ilf 

23 

1 2 , 

22 

A3 

b # 

29 

St 

27 

10f 

25 

Ilf 

2A 

12  , 

22 

AA 

b # 

29 

9 f 

27 

10, 

25 

Ilf 

2 A 

1 2 , 

23 

A 5 

7f 

30 

9f 

2B 

Ilf 

26 

12  f 

it 

13, 

23 

A 6 

7f 

30 

9 f 

28 

Ilf 

26 

1 2 f 

25 

13, 

2 A 

A 7 

7, 

31 

9 1 

29 

Ilf 

26 

1 2 f 

25 

1 A , 

24 

Ad 

Bf 

32 

10f 

29 

1 2f 

27 

13, 

2b 

1A, 

25 

A 9 

t)  | 

32 

10f 

30 

12  f 

27 

l it 

2b 

1A, 

25 

50 

Bf 

33 

10f 

30 

1 2 f 

28 

lit 

27 

15, 

25 

REJECT  THE  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  OR  EQUAL  TO  A,  OK  IF  X2  IS  GREATER 
(HAN  OR  EQUAL  TO  8,  WHERE  THE  fABLE  CONTAINS  THE  ORDERED  PAIRS  ( A , B ) . 
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CRITICAL  VALUES  FOR  TESTING  NTBF { 1 1 EQUAL  TO  NTBF ( 2 ) AGAINST  THE 
ALTERNATIVE  NT 8F  ( 1 ) NOT  EQUAL  TO  NTBF (2  ) * WHERE  R « T1/T2. 


total  number 
uf  failures 

(Xi*X2) 


20#  52 
20#  52 


20,  52 

21,  5 3 


21,  53 

21,  54 
2 

22,  55 
22,  55 

22,  55 

23,  56 
23,  5 
23,  5 


LEVEL  OF  SIGNIFICANCE 


24,  50 
2 A , 5v 

24,  50 
5 

25,  51 

25,  52 

26,  52 
26,  53 

26,  53 

27,  54 


28 

14, 

27 

15, 

26 

29 

14, 

28 

1 5 , 

26 

29 

14, 

28 

16, 

27 

30 

15, 

29 

16, 

27 

30 

15, 

29 

16, 

28 

31 

15, 

29 

17, 

28 

31 

16, 

30 

17, 

29 

32 

16, 

30 

17, 

29 

32 

16, 

31 

18, 

29 

33 

17, 

31 

18, 

30 

33 

17, 

32 

19, 

30 

33 

lb. 

32 

19, 

31 

34 

Id, 

33 

19, 

31 

34 

18, 

33 

20, 

32 

35 

19, 

34 

20, 

32 

35 

19, 

34 

20, 

33 

36 

19, 

34 

21, 

33 

36 

20, 

35 

21, 

33 

37 

20, 

55 

21, 

34 

37 

20, 

36 

22  , 

34 

38 

21, 

36 

22, 

35 

3b 

21, 

37 

22. 

35 

36 

21, 

37 

23, 

36 

39 

22, 

3o 

23, 

36 

39 

22, 

3d 

24, 

36 

40 

22, 

39 

24, 

37 

4C 

23, 

39 

24, 

37 

41 

23, 

39 

25, 

3b 

24 

25 
25 

25 

26 
26 
26,  47 
2 7,  47 
2 7,  48 

d 
. 8 


28,  49 
2d,  49 


29,  50 
29,  50 


30,  51 


30,  4 7 
30,  4 d 

30,  48 

31,  49 

31,  49 


26.  4C 

27,  40 
27,  40 


27,  41 

28,  41 


28,  42 
28  ' " 


29 
29 

29 

30 

30 

31 
31 
31,  46 


32,  46 
32,  46 


32,  47 

33,  47 
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RtJECT  THE  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  OR  EQUAL  TO  A,  OR  IF  X2  IS  GREATER 
THAN  UR  EQUAL  TO  B,  WHERt  THE  TABLE  CONTAINS  THE  OROEREO  PAIRS  (A, 81. 


uim  Nunn* 
jf  uuums 

( X l ♦ Hi  I 


CRITICAL  HALOES  F OR  ftillNt  HTBFI1)  EQUAL  JO  HTBFT2)  AGAINST  JHfc 
ALTER  NAT  I Vfc  nTBFin  NOT  EQUAL  TO  HTBM  2),  RHERE  R - T1/T2. 


TOTAL  NU 
OF  FAILURES 
( X1  + X2  I 


7, 

31 

9, 

29 

11, 

27 

12, 

26 

11, 

21 

7, 

32 

10, 

29 

12, 

27 

13. 

26 

11, 

25 

d , 

32 

1), 

30 

12, 

28 

13, 

26 

11, 

25 

8, 

33 

10, 

30 

12. 

2b 

13, 

27 

11, 

2b 

8 , 

33 

10, 

31 

,3, 

2b 

11, 

27 

15, 

26 

6, 

31 

11, 

31 

13, 

29 

11, 

26 

15, 

2b 

9, 

31 

11, 

32 

13, 

29 

11, 

28 

15, 

27 

9, 

35 

11, 

32 

13, 

30 

15, 

24 

lb. 

27 

9p 

35 

12, 

33 

11, 

30 

15, 

29 

lb. 

26 

10, 

3b 

12, 

33 

11. 

31 

15, 

29 

16  , 

28 

10, 

3b 

12, 

33 

11, 

31 

15, 

30 

17, 

28 

10, 

37 

12, 

31 

15, 

32 

16, 

30 

17, 

29 

1C, 

3 7 

13, 

31 

IS, 

32 

1 6 , 

31 

1 7, 

29 

u» 

39 

13, 

35 

15, 

32 

lb. 

31 

Id, 

30 

li. 

38 

13, 

33 

lb. 

33 

17, 

32 

18, 

30 

11, 

39 

11, 

3b 

1 o , 

33 

17, 

32 

16, 

30 

11, 

39 

11, 

3b 

i b , 

31 

17, 

32 

19, 

31 

u. 

1J 

11, 

37 

17, 

31 

18, 

33 

19, 

31 

12, 

13 

15, 

37 

17, 

35 

18, 

33 

19, 

32 

12, 

10 

13, 

38 

17, 

35 

18, 

31 

20, 

32 

13, 

11 

IS, 

38 

17, 

35 

19, 

31 

20, 

33 

13, 

li 

15, 

38 

Id, 

3b 

19, 

31 

20, 

33 

13, 

12 

lb. 

39 

id. 

3 1 

19, 

35 

21, 

33 

13, 

12 

lb. 

39 

Id, 

37 

20, 

3j 

21, 

31 

19, 

13 

16, 

10 

19, 

37 

20, 

36 

21, 

31 

19, 

13 

17, 

10 

19, 

37 

20, 

36 

22, 

35 

19, 

11 

17, 

11 

19, 

38 

21, 

37 

22, 

35 

19, 

41 

17, 

11 

20, 

36 

21, 

37 

22, 

35 

IS, 

15 

18, 

11 

23, 

39 

21, 

37 

23, 

3b 

IS, 

15 

18, 

12 

20, 

39 

22  » 

38 

23, 

36 

15, 

lb 

18, 

12 

21, 

10 

22, 

38 

23, 

37 

lb# 

lb 

18, 

13 

21, 

10 

22, 

39 

21, 

37 

16, 

16 

19, 

13 

21, 

10 

23, 

39 

21, 

37 

lb. 

1 7 

19, 

11 

22, 

11 

23, 

39 

21, 

38 

lb. 

17 

19, 

11 

22, 

11 

23, 

10 

25, 

38 

17, 

18 

20, 

15 

22. 

12 

21, 

10 

25, 

39 

17, 

18 

20, 

IS 

23, 

12 

21, 

11 

25, 

39 

17, 

99 

20, 

15 

23, 

13 

21, 

11 

26, 

39 

18, 

99 

21, 

lb 

23, 

13 

25, 

12 

2b, 

10 

18, 

50 

21, 

16 

21, 

13 

25, 

12 

26, 

10 

18, 

50 

21, 

17 

21, 

11 

25, 

12 

27. 

11 

18, 

51 

21, 

17 

21, 

11 

2b, 

13 

27, 

11 

19, 

51 

22, 

16 

21, 

15 

26, 

13 

28, 

11 

19, 

52 

22, 

18 

25, 

15 

2b, 

11 

28, 

12 

19, 

52 

22, 

18 

25, 

lb 

27, 

11 

28, 

12 

20, 

52 

23, 

19 

25, 

16 

27, 

11 

29, 

13 

20, 

S3 

23, 

19 

2b, 

!o 

27, 

15 

29, 

13 

zo$ 

5 3 

2 3# 

5 0 

Z ti  0 

1 5 

2 9 1 

1 3 

20, 

51 

21, 

50 

fcj 

uj 

28, 

16 

30, 

11 

21, 

51 

21, 

51 

Ka 

E 

28, 

16 

30, 

11 

RtJECT  THt  NULL  HYPOTHESIS  IF  X2  IS  LESS  THAN  OR  EQUAL  TO  A.  JR  IF  X2  IS  GREATER 

than  jr  equal  to  b,  qhere  the  table  contains  the  ordered  pairs  <a,bi. 


CRITICAL  VALUES  FOR  TESTING  NT8FI1)  EQUAL  TO  N T 8 F ( 2 ) AGAINST  THE 
ALTtRNATIVt  HTBFI1)  NOT  EQUAL  TO  NT8FI2),  mHERE  R • T1/T2. 
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IJTAL  NJN8ER  LEVEL  OF  SIGNIFICANCE 

jF  FAILURES  ■ I . — I ... 

( XI t x2  ) . Oul  .010  .050  .LOG 


JL 


.200 


51 

7, 

31 

9, 

26 

11, 

26 

i2. 

25 

1 3, 

24 

52 

7, 

31 

9, 

29 

11, 

26 

12, 

23 

13, 

24 

51 

7, 

32 

9, 

29 

11, 

27 

12, 

26 

13, 

24 

54 

7, 

32 

10, 

30 

12, 

27 

15, 

26 

14, 

25 

55 

d # 

33 

10, 

30 

12, 

28 

13. 

27 

14, 

25 

56 

S» 

33 

10, 

30 

12, 

2d 

13, 

27 

14, 

26 

57 

6. 

34 

10, 

31 

12, 

29 

14, 

27 

13, 

26 

58 

8 , 

34 

11, 

31 

13, 

29 

14, 

28 

15, 

26 

5 v 

9, 

34 

11, 

32 

13, 

29 

14, 

26 

15, 

27 

60 

9, 

35 

11, 

32 

13, 

30 

14, 

29 

16, 

27 

61 

9, 

35 

12, 

33 

14, 

30 

15, 

29 

16, 

26 

62 

9, 

36 

12, 

33 

14, 

31 

15, 

29 

16, 

28 

63 

10, 

36 

12, 

33 

14, 

31 

15, 

30 

17, 

28 

64 

10, 

37 

12, 

34 

15, 

31 

16, 

30 

17, 

29 

65 

10, 

37 

13, 

34 

15, 

32 

16, 

31 

17, 

29 

66 

10, 

53 

13, 

35 

15, 

32 

16, 

31 

lo. 

3C 

67 

11, 

36 

13, 

35 

15, 

33 

17, 

31 

Id, 

30 

66 

11, 

39 

13, 

36 

1 5 , 

33 

17, 

32 

lb. 

30 

64 

11, 

34 

14, 

36 

16, 

34 

17, 

32 

19, 

31 

70 

11, 

39 

14, 

37 

1 o. 

34 

18, 

33 

19, 

31 

71 

12, 

40 

14, 

37 

17, 

34 

Id, 

33 

19, 

32 

72 

12, 

40 

15, 

37 

17, 

35 

19, 

33 

20, 

32 

73 

12, 

41 

15, 

36 

17, 

35 

Id, 

34 

20, 

32 

7<* 

15, 

4 i 

15, 

36 

16, 

36 

19, 

34 

20, 

33 

75 

13, 

42 

15, 

39 

16, 

36 

19, 

33 

21, 

33 

7o 

13, 

42 

16  , 

39 

16, 

36 

19, 

35 

21, 

34 
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